The number of discrete species of glycoprotein induced by herpes simplex virus type 1 (HSV-1, strain 17 syn +) and their processing has been examined by a combination of immunoprecipitation with monoclonal antibodies and analysis of immune precipitates by two-dimensional (2D) gel electrophoresis. Seventeen different monoclonal antibodies directed against glycoproteins A/B, C, D and E were used. Polypeptides intermediate in the synthesis of gA/B, C and D were visualized and two early intermediates of glycoprotein A/B (pgA/Bi and pgA/B2), both mannose-containing, were identified. Comparison on 2D gels of polypeptides synthesized in vitro from HSV-1-infected cell mRNA with those synthesized in pulse-chase experiments in vivo has allowed identification of early precursors of pgA/B and pgD. Their apparent mol. wt. were 105000 and 47000 respectively. The 2D gel analysis of glycoproteins induced in HFL cells infected with 17 syn + revealed a number of previously unreported glycoprotein species. One had mobility on both gradient and single concentration SDS-polyacrylamide gels similar to that of gC but was resolved from gC on nonequilibrium pH gradient gels. This glycoprotein was produced in relatively large amounts and was not precipitated by any of the monoclonal antibodies used in this study. The data suggest that this glycoprotein either has a polypeptide chain unrelated to those of glycoproteins A/B, C, D or E or alternatively is derived from one of them and modified in such a way as to mask or remove the antigenic sites with which the monoclonal antibodies interact. Sixteen other previously unreported glycoprotein species not obviously related, as judged by their electrophoretic mobility, to gA/B, C, D or E were also identified: two reacted with gA/B-specific monoclonal antibodies and five with glycoprotein C-specific monoclonal antibodies. The origin of the remaining nine new glycoproteins has still to be ascertained.
INTRODUCTION
Five major virus-induced glycoproteins (gA, gB, gC, gD and gE) have been identified in cells infected with herpes simplex virus type 1 (HSV-1) (Spear, 1976; Baucke & Spear, 1979) . Their glycosylation involves addition of heterosaccharide chains containing glucosamine, fucose and sialic acid (Honess & Roizman, 1975) and mannose (Eisenberg et al., 1979) to polypeptide precursors. The glycoproteins are also sulphated, with glycoprotein E being the major sulphated species (Hope et al., 1982) .
The processing of HSV-1-induced polypeptides has been investigated by the technique of twodimensional (2D) gel electrophoresis described by O'Farrell et al. (1977) . The analysis revealed several series of polypeptides having similar, but not identical, electrophoretic mobilities. The members of some of these series, composed apparently of glycoprotein precursors and their processed forms, have been shown to be related by their response to treatment with METHODS Cells. Propagation of BHK-21 cells (Macpherson & Stoker, 1962) and HFL cells (Haarr & Marsden, 1981) has been described previously. The HAT-sensitive BALB/c myeloma cell line P3X63Ag8 (K6hler & Milstein, 1975) , obtained from Dr R. Webster (NIMR, Mill Hill, London, U.K.), was used for the production of hybridomas.
Virus. HSV-1 strain 17 syn + (Brown et al., 1973) was used throughout this study. Preparation ofhybridoma cells. BALB/c mice were immunized initially with an intraperitoneal injection of 5 x l05 p.f.u, of HSV-1 grown in BHK cells, together with complete Freund's adjuvant. After at least 6 weeks, a second injection of 5 x 106 p.f.u, of virus was given intravenously. Hybridoma cell lines were produced by fusing, with polyethylene glycol 1000, partially purified spleen cells to the P3X63Ag8 myeloma cells and selected in HAT medium (Littlefield, 1964) . Antibody-secreting cell lines were detected by radioimmunoassay essentially as described by Colombatti & Hilgers (1979) . Cloned cells were stored in growth medium containing 10~ dimethyl sulphoxide at -196 °C.
Radioactive labelling. Infected and mock-infected cells were labelled with [35S]methionine or [3H]mannose (Amersham International) as described by Hope et al. (1982) . The [3H]mannose in pulse-labelled infected cells was chased by removing the labelling medium, washing the monolayer three times with Eagle's medium supplemented with 10~o foetal calf serum and then incubating in that medium until harvesting. Samples for immunoprecipitation were extracted after washing with phosphate-buffered saline (PBS) in 0.05 M-Tris-HC1 pH 7.4 containing 1 ~ (w/v) Nonidet P40 (NP40) and 0-15 M-NaCI.
In vitro protein synthesis. This was performed as described by Preston (1979) . Immunoprecipitation and preparation of immunoprecipitated polypeptides for 2D gel electrophoresis. The immunoprecipitation method used was based on the binding of antigemantibody complexes to heat-killed and formalinfixed Staphylococcus aureus (Kessler, 1975) .
[35S]Methionine-labelled infected cell polypeptide extracts were centrifuged at 50000 rev/min for 1 h and then incubated for 1 h at 37 °C with hybridoma supernatants. Subsequent binding of antibody-antigen complexes to S. aureus was enhanced by addition of anti-mouse serum for 30 min, followed by addition of the bacteria. After a further 30 min incubation the bacteria were washed twice with 0-01 MTris-HC1 pH 7-5 containing 0.9~ NaC1 and 0-1 ~ NP40; bound polypeptides were eluted with 0.2 M-glycine-HC1 pH 2.5 buffer. To reduce streaking of proteins on 2D gels this buffer was removed by gel filtration on 1 ml columns of Sephadex G25. Columns were pre-washed with 5 ml of deionized water, then 2 ml of PBS containing 1~ bovine serum albumin (BSA; Sigma A-4503) and finally with a further 2 ml of deionized water. Immunoprecipitated samples (100 gl) were applied to columns and eluted with water. Fractions (approximately 250 gl) containing maximum radioactivity were pooled, freeze-dried and resuspended in 50 gl of solubilization buffer [9.5 M-urea, 2~ (w/v) NP40, 5~ Ampholines, 0-005 M-MgClz, 0-005 M-Tris-HC1 pH 7.4].
Immunoaffinity chromatography'. Protein A-Sepharose-purified monoclonal antibody 1140 (MA 1140) was linked to cyanogen bromide-activated Sepharose 4B (Pharmacia) using standard methods as described by the manufacturer. NP40 extracts of[ 3 sS]methionine.labelled infected cells were incubated with immunoabsorbant for 10 min at room temperature. After extensive washing of the gel with PBS, bound antigen was eluted with 0.2 Mglycine pH 2.5.
Gel electrophoresis. Samples were prepared and SDS-PAGE carried out as described previously (Marsden et al., 1978) . Two-dimensional non-equilibrium pH gradient gel electrophoresis (NEPHGE) was performed essentially as described by O'Farrell et al. (1977) with slight modifications (Haarr & Marsden, 1981) . Ampholines pH 3.5 to 10 were used for electrophoresis in the first dimension and a 5 to 12-5% gradient gel cross-linked with I in 20 (w/w) N,N'-methylenebisacrylamide (BIS) for the second. Unless otherwise indicated, tube gels were boiled for 5 min in buffer 0 (O'Farrell, 1975) , which contains 2-3% SDS and 5% 2-mercaptoethanol, before electrophoresis in the second dimension.
Transfer of polypeptides to nitrocellulose membranes and detection of antigens with monoclonal antibodies and protein A. Polypeptides separated by SDS-PAGE were transferred electrophoretically onto 15 × 0.6 cm strips of nitrocellulose membranes (BA80 or BA85, Schleicher and Schiill) using the transfer buffer described by Towbin et al. (1979) . The serological detection of antigens was performed essentially as described by Towbin et al. (1979) except that 3H-labelled protein A (Amersham International; 40 to 80 Ci/mmol, 0.5 ~tCi/strip) was used in place of '251-labelled protein A, as it was found to give both cleaner backgrounds and superior resolution of transferred antigens.
Detection of antigens directly within SDS-polyacrylamide gels. Gels containing separated HSV-l-infected cell proteins were sliced into individual strips and the polypeptides fixed with methanol and acetic acid (Marsden et al., 1978) . Strips were incubated with antibody after first blocking non-specific binding with PBS containing 10~ foetal calf serum (Burridge, 1976) . After extensive washing to remove non-specifically bound antibodies, those specifically bound were detected by overnight incubation of the gel strips with 125I-labelled protein A in PBS containing 0-1 ~ BSA. The gel strips were again extensively washed, then dried and autorad!ographed.
Autoradiogruphy andfluorography. Gels were either dried and exposed to X-ray film (Kodak X-Omat X-5 or Agfa Scopix CR3 NIF) at room temperature or, alternatively, treated with En3Hance (New England Nuclear), dried and exposed to Kodak X-Omat S film at -70 °C. 3H-labelled protein A on nitrocellulose membranes was detected by LKB Ultrofilm at room temperature.
Polypeptide nomenclature. A two-coordinate system was used to describe polypeptides separated by NEPHGE (Haarr & Marsden, 1981) . For glycoproteins, we have used the nomenclature adopted at the International Conference on Human Herpesviruses, Atlanta, Georgia, U.S.A. (Cohen et al., 1981) .
RESULTS

Identification and processing of virus-induced glycoproteins
Mock-infected and HSV-l-infected HFL ceils were labelled with [3H]mannose from 5 until 7.5 h after adsorption and polypeptides were separated by 2D gel electrophoresis. Profiles of the separated glycoproteins are shown in Fig. 1 . Identification of virus-induced glycoproteins was achieved by co-electrophoresis of mock-infected and virus-infected cells. The mock-infected cell glycoproteins (some have been marked by arrowheads and labelled hl to h8) can be used to align the fluorographs and thus glycoproteins not present in mock-infected cells can be identified. All of the glycoproteins seen in the fluorograph of infected cells (17 +) are virus-induced with the exception of some minor mock-infected ones which are indicated by arrowheads. In addition to glycoproteins A/B, C, D and E (large arrows), 17 other glycoprotein species have been observed. The most prominent of these has a mobility similar to that of gC (see Fig. 1 and 2) and since it is discussed at some length in this paper we have provisionally designated it gY. It has coordinates (117, 0.08-105, 0-23) and may or may not be related to one of the previously identified glycoproteins. To avoid overcrowding Fig. 1 , only gY and the other 16 glycoprotein species are labelled.
To establish precursor-product relationships, infected HFL cells were labelled with [3H]-mannose for 30 min at 5 h post-adsorption and the label was chased for various times. During the pulse, only basic proteins were labelled while more acidic series were generated during the chase (Fig. 2) . Identification of the major glycoproteins A/B, C and D was based on their relative mobilities and on data presented later ( Fig. 5 and 7 ). The mobilities of pgE and gE were inferred from their apparent tool. wt. (Baucke & Spear, 1979; Hope et al., 1982; Fig. 4) and from 2D analysis of sulphated polypeptides (R. G. Hope & H. S. Marsden, unpublished results). As noted earlier (Haarr & Marsden, 1981) gC migrates faster than gA/B on 5 to 12"5~o gradient gels. The Large arrows show major polypeptides which are labelled during pulse (1¢', 1~ ) or after a chase (~ll, Jt ) and which have been precipitated by the monoclonal antibodies used in this study or show gY and a glycoprotein thought to be pgE. Small arrows show new minor glycoproteins. Each of the two left-hand panels shows [35S]methionine-labelled polypeptides extracted in denaturing buffer (Marsden et al., 1978) which act as mol. wt. markers (Haarr & Marsden, 1981) in addition to the [3H]mannose-labelled polypeptides separated by NEPHGE. The NEHPGE gels were not boiled in buffer 0 (O'Farrell, 1975) before electrophoresis in the second dimension. The gels do not show polypeptides more basic than minor glycoprotein 8.
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,:27-::: ::: : " - are lost if the NEPHGE gel is boiled in buffer 0 (O'Farrell, 1975) containing 2.3 ~ SDS and 5 2-mercaptoethanol (to destroy disulphide and non-covalent bonds) before electrophoresis in the second dimension (compare Fig. 1 ). These processing data will be discussed in detail later. We tested whether glycoprotein Y was induced in cells other than HFL cells. Fig. 3 shows the results of an experiment with BHK cells, performed at the same time as that shown in Fig. 2 . Overall the 2D profiles of BHK and HFL infected cell polypeptides are very similar. However, no gY was detected in the infected BHK cells even though normal amounts of glycoproteins A/B, C, D and E were produced. The small spot just above gC in the 2 h chase is a mock-infected cell polypeptide. Further experiments showed gY was produced consistently in HFL cells and Flow 2000 cells but in only one of four experiments using BHK cells.
Monoclonal antibodies against HSV-1 glycoproteins
Monoclonal antibodies secreted from 17 clonally distinct cell lines initially selected by radioimmunoassay were used to establish the relationships between the various glycoproteins. Analysis by SDS-PAGE of immunoprecipitates of [35S]methionine-labelled infected cell polypeptides revealed four different antibody specificities. Representatives of each are shown in Fig. 4 . From the apparent mol. wt. of the immunoprecipitated polypeptides, the antibodies were tentatively designated as being directed against glycoprotein D (lanes 3, 4 and 5), glycoprotein C (lanes 6 and 7), glycoprotein A/B (lane 8) or glycoprotein E (lane 10). The salient features are that D antibodies precipitated major polypeptides of apparent tool. wt. 51000 (pgD) and 57 000 (gD) as well as polypeptides of lesser and somewhat variable intensity of both higher and lower apparent mol. wt. ; C antibodies precipitate a minor band of apparent mol. wt. 85 000 and a major band of apparent mol. wt. 100 000 to 115 000; A/B antibodies precipitated a broad major band of apparent mol. wt. 100000 to 120000; the E antibody was directed against an antigen of apparent mol. wt. 72000 to 82000. These designations were corroborated by (i) the 2D analysis presented later, (ii) the reaction of the inferred gE antibody with the major sulphated polypeptide induced by HSV-1 (R. G. Hope & H. S. Marsden, unpublished data) which has been shown by Hope et al. (1982) to be gE, and (iii) the observation that gC antibodies were type- 879 specific, whereas A/B antibodies were type-common as has previously been reported for monoclonal antibodies against these glycoproteins (Pereira et al., 1980) .
2D gel electrophoresis of proteins immunoprecipitated with monoclonal antibodies
H F L cells infected with HSV-1 were labelled with [35S]methionine from 5 to 7.5 h after adsorption. Immunoprecipitates were analysed by 2D gel electrophoresis both without and with (data not shown) marker proteins labelled with [3SS]methionine from mock-infected cells as described for Fig. 1 . Fig. 5 shows the polypeptidesprecipitated by each of six monoclonal antibodies directed against glycoprotein A/B. The profile is similar for each of six antibodies and it consists of two series, designated gA and gB, together with a number of outlying spots. Both the A and B series co-migrate with mannose-labelled infected cell polypeptides (Fig. 1,2 and 3) . The mobility of gA seen in Fig. 3 was identical to that of the immunoprecipitated glycoprotein; however, gA in Fig.  1 and 2 was not as acidic. This is probably a consequence of different protein loads on the N E P H G E gel. We have observed (data not shown) that the apparent acidity of gA, unlike that of other proteins, increases as the amount of protein loaded on the gel is increased. At least one series of additional spots below gA, not seen with mannose-labelled polypeptides, was consistently observed. Whether such species are produced in vivo or are an experimental artefact has not been established.
Comparison of the immunoprecipitation data with the pulse-labelling experiments shown in Fig. 2 and 3 indicates that the major gA/B precursors identified by the monoclonal antibodies (MA) are pgA/B1 (reacting with MAs 1106, 1049, 2182 and 2292) and pgA/B2 (detected only with MA 1106). Two of the newly identified minor glycoprotein species, 1 and 2, were antigenically related to glycoprotein A/B and must also be considered as possible precursors. The polypeptide (105, 0.58) observed in 2D gels of immunoprecipitates and also in 2D gels of polypeptides translated in vitro from HSV-1 mRNA (Fig. 6 ) may represent a very early precursor of pgA/B1 or pgA/B2.
Polypeptides immunoprecipitated by monoclonal antibodies directed against glycoprotein D are shown in Fig. 7 (b, e, f a n d g). In addition to the major series linking pgD and gD, there were two minor parallel series with apparent mol. wt. 75000 to 82000 and 109000 to 117000. Polypeptides of mol. wt. less than 51000 were also present; the lowest and mostbasic had coordinates (47, 0.48). This polypeptide is unlikely to be a breakdown product of gD produced during the immunoprecipitation since it corresponded exactly with the lowest and most basic of a series of spots synthesized in vitro from late mRNA from HSV-l-infected cells (Fig. 6 ). This series culminates in pgD and (47, 0.48) is presumably therefore a very early precursor of gD.
To investigate the origin of the high mol. wt. series, the reaction of the D monoclonal antibody (MA 1140) was tested (Fig. 8 ) (i) directly in the separation gel with whole infected BHK cell extract (lanes 1 and 5), (ii) by immunoprecipitation (lanes 2 and 6), (iii) by immunoaffinity chromatography (lanes 3 and 7), (iv) directly in the separation gel but with immunoaffinitypurified, unlabelled glycoprotein D as antigen (lanes 4 and 8) and (v) by first transferring polypeptides separated by SDS-PAGE onto nitrocellulose (lane 9). The high mol. wt. species were seen predominantly in immunoprecipitates (lanes 2 and 6). Their genesis will be discussed later. (Clearly, the right-hand control lane is about 2 mm out of alignment with lane 4 but this does not affect the interpretation of the experiment.) Lanes 5 to 8 are longer exposures of lanes 1 to 4. In a separate experiment, unlabelled polypeptides were first separated by SDS PAGE, then transferred to a nitrocellulose membrane strip and stained with MA 1140 followed by 3H-labelled protein A (lane 9). Arrows indicate the three low mol. wt. species interacting with MA 1140.
Processing of HSV-1 glycoproteins
A n t i b o d y binding o f three lower mol. wt. polypeptides was also demonstrable after their transfer onto nitrocellulose m e m b r a n e s (lane 9). The exact mol. wt. of these species was not determined.
Polypeptides precipitated by each of three glycoprotein C-specific monoclonal antibodies are shown in Fig. 7 (a, c and d) ; these are the precursor and fully processed forms (Fig. 2 and 3) . Three other gC-specific monoclonal antibodies gave similar results (data not shown). They often, but not consistently, exhibited streaking. Streaking was not seen w h e n the polypeptides 25, 1"15 ID * The first coordinate gives apparent moL wt. x 10 -3 on 5 to 12.5~ gradient gels and the second gives relative mobility in the NEPHGE gel.
t Haarr & Marsden (1981) . :~ Where more than one glycoprotein was labelled in the 30 min pulse the most basic coordinate is given. § The coordinate of gD was previously given as (60, 0.22) (Haarr & Marsden, 1981) were labelled for only 30 min from 5 h post-adsorption ( Fig. 7h and i) . Five of the sixteen newly observed minor glycoproteins seen in Fig. 1 were precipitated by the glycoprotein C monoclonal antibodies MA 2454 and MA 2642 ( Fig. 7h and i, glycoproteins 5, 6, 7, 8 and 9) . The sixth spot on Fig. 7 (h) co-migrates with pgD and is probably a contaminant. The monoclonal antibody directed against glycoprotein E (MA 3104) did not precipitate sufficient antigen from [3SS]methionine-labelled infected cells to allow analysis of the immunoprecipitate by 2D gel electrophoresis.
Comparison of the data presented in Fig. 5 and 7 with that presented in Fig. 1 suggests that all the major glycosylated polypeptides except that designated gY are precipitated by monoclonal antibodies directed against glycoproteins A/B, C or D. It should be noted that although the extraction procedures used in the analyses shown in Fig. 1 and 2 (see Haarr & Marsden, 1981) and Fig. 5 and 7 are considerably different, gY could be effectively extracted by either method (data not shown). Glycoprotein Y was therefore available for interaction with the monoclonal antibodies used in this study.
A summary of all the glycoprotein species identified in this paper is given in Table 1 . The newly identified minor glycoproteins which are antigenically related to either gA/B or gC are indicated.
DISCUSSION
The glycoproteins induced by HSV-1 (strain 17) have been studied by combining the use of monoclonal antibodies with high resolution 2D gel electrophoresis. Monoclonal antibodies directed against glycoprotein D precipitated polypeptides in the major series linking pgD and gD, confirming the suggestion of Cohen et al. (1980) that they were derived from a common precursor. These antibodies also precipitated two more slowly migrating series (Fig. 7 b, e, fand  g ). The upper, with apparent mol. wt. between 109000 and 117000, probably corresponds to the D-associated antigen of apparent mol. wt. 128 000 reported by Eisenberg et al. (1982) . It remains to be determined whether the polypeptides forming this series are dimers of glycoprotein D, an artefact generated during purification as suggested for the 128 000 polypeptide by Eisenberg et al. (1982) , or a complex of glycoprotein D and some other protein. Should they prove to be dimers of glycoprotein D, then they can be formed only from the more fully processed intermediates since they have the same relative mobility in th e NEPHGE gel as the more acidic end of the main gD series. This contrasts with the apparent dimerization of glycoprotein A/B (Sarmiento & Spear, 1979) where all intermediates can form the higher mol. wt. forms (Haarr & Marsden, 1981) . The apparent mol. wt. of the 75000 to 82000 series is smaller than expected for a multimer of glycoprotein D, and its genesis remains obscure. Whatever the origin of the 109000 to 117000 and 75000 to 82000 series they can be detected only when both antibody and antigen are run onto the SDS-PAGE gel simultaneously (Fig. 8, lanes 2 and 6) i.e. after immunoprecipitation.
Also precipitated by the monoclonal antibodies directed against glycoprotein D, are polypeptides which (i) migrate faster than pgD (apparent mol. wt. between 47000 and 51000) (Fig.  7b , e, fand g) and (ii) have mobilities in the NEPHGE gel corresponding to the more basic end of the series linking pgD to gD. To investigate their origin, polypeptides translated in vitro from late HSV-1 mRNA were analysed (Fig. 6) . The system used here for in vitro protein synthesis (Preston, 1979) appears to be capable of some glycosylation (Toneguzzo & Ghosh, 1977; Pringle et al., 1981) . The most basic of the lower mol. wt. polypeptides precipitated by glycoprotein D antibodies (47, 0.48) co-migrated with polypeptides translated in vitro.
We consistently observed ( Fig. 2 and 3 ) that the spacing of polypeptides along the series linking pgD to gD was not uniform. Processing of the most basic five appears different from that of the less basic seven. Our data suggest at least three types of processing are involved in the formation ofgD. The first from (47, 0-48) to pgD, involves an increase in tool. wt. but no change in charge and probably includes the addition of mannose residues as shown for VSV glycoprotein G (Toneguzzo & Ghosh, 1977) . The second, which can be seen both with pgD and (47, 0.48) involves addition of positive charges and the third, from pgD to gD, involves both changes in charge and tool. wt. and has previously been shown to arise at least in part from sialation Haarr & Marsden, 1981) . Clearly, the first two types of processing occur simultaneously.
The processing of glycoprotein A/B appears to be more complex than for glycoprotein D. Eberle & Courtney (1980) and Pereira et al. (1981) have shown that glycoproteins A and B are antigenically related. Analysis on 2D gels of methionine-labelled polypeptides has identified two discrete series which we suggested might correspond to glycoproteins A and B (Haar & Marsden, 1981) . Both series are also seen with mannose-labelled polypeptides (Fig. 1, 2 and 3) . Their antigenic relatedness is demonstrated by immunoprecipitation of methionine-labelled polypeptides by six monoclonal antibodies (Fig. 5) . Our result not only confirms those of Eberle & Courtney (1980) and Pereira et al. (1981) , but also rigorously establishes that polypeptides intermediate in the synthesis of both glycoproteins share a common antigenic determinant. We have identified two mannose-containing intermediates, designated pgA/B~ and pgA/B2 which are synthesized during a 30 min pulse ( Fig. 2 and 3) . pgA/B1 is initially more heavily labelled than pgA/B2 and loses label more rapidly, which suggests that pgA/B1 might be a precursor of pgA/B2, pgA/B1 is precipitated by all six glycoprotein A/B monoclonal antibodies, although the results shown (Fig. 5) demonstrate this only for antibodies MA 1049 , MA 1106 , MA 2182 and MA 2292 From the data presented here, the earliest precursors of gD and gA/B that can be identified have coordinates (47, and (105, 0.58) respectively. The apparent mol. wt. of these polypeptides are in good agreement with those reported by Pizer et al. (1980) for the precursor of gD synthesized in the presence of tunicamycin (50000), by Inglis & Newton (1982) for the in vitro translated precursor of gD identified by immunoprecipitation (52000), and by Peake et al. (1982) for gA/B precursors immunoprecipitated from cells infected in the presence of tunicamycin (105000). However, Inglis & Newton (1982) reported a gA/B unglycosylated precursor with a mol. wt. of 85 000 from immunoprecipitates of in vitro translated material using a conventional antiserum raised against the major glycoprotein region of HSV-1. It will probably be necessary to use monoclonal antibodies of defined specificity to rigorously confirm the gA/B precursor.
Monoclonal antibodies against glycoprotein C precipitated three basic polypeptides (apparent mol. wt. 85000) and a more acidic gC polypeptide series [(100, 0.23) to (115, 0.00); Fig. 7a, c and d; Fig. 5 ]. The basic polypeptides are the precursors ofgC, as they are synthesized during a 30 min pulse while the more acidic series appears after chase (Fig. 2 and 3 ). Both immunoprecipitated precursor and processed forms of glycoprotein C, to a much greater extent than A/B and D, consistently exhibited marked streaking (Fig. 7a, c and d ). This was also occasionally observed when gC polypeptides are analysed directly on 2D gels without immunoprecipitation ( Fig. 3 and 6 ). At present, we cannot explain this differential streaking of glycoprotein C.
Thus, the precursor and processed forms of glycoproteins A/B, C and D have all been identified on 2D SDS-polyacrylamide gels by the monoclonal antibodies used in this study. Five of the newly identified glycoprotein species which were not obviously related electrophoretically to any of the known glycoproteins were shown to be antigenically related to gC while a further two were shown to be related to gA/B. Whether these minor glycoproteins arise by proteolytic cleavage or by some other mechanism such as splicing remains to be determined. One of the newly identified glycoproteins was usually induced in large amounts in HFL cells. It was not precipitated by any of the monoclonal antibodies used. It remains possible that this glycoprotein may be related to one of either gA/B, gC, gD or gE or may be a new species. We have given it the provisional designation gY until its genesis can be established.
